ABSTRACT: As part of an interdisciplinary research programme, lead contents were measured in the polychaete Nephtys spp. and in the sea-urchin Echinocardium cordatum as weU as in the respective sediment fractions < 20 ~m taken from the Dogger Bank proper and the eastern coastal North Sea. A lower lead content was generally observed in the organisms taken from the German Bight than in those from the Dogger Bank, especially from its northeastern part. It is possible to divide both areas according to the slope found in the linear regression of lead versus total organic carbon contents in sediments, which is twice as steep for the Dogger Bank as for the eastern North Sea. This criterium points to a difference in sediment quahty with regard to toxic metal contamination. The sediment quality of the Dogger Bank seems to be twice as bad compared with that of the eastern North Sea. This is in good agreement with the differences found in lead contamination of the sediment-dwelling polychaetes from both areas. The results indicate that lead is primarily accumulated by food ingestion.
INTRODUCTION
Prediction of the bioavailability and toxicity of metals in aquatic sediments is a critical component in the development of sediment quality criteria (F6rstner et al., 1990}. Given the importance of the sediment-water interface in controlling various biogeochemical cycles, and the potential sensitivity of the organisms living at this interface to the metals accumulating in their immediate environment, it would be of great practical interest to be able to assess the bioavailability of metals associated with a particular sediment. In fact, there are a lot of studies on the levels of contaminants in marine invertebrates that live in or feed on sediments (Campbell et al., 1988, and citations therein) . They usually focus on assessing gradients in contamination within the same hydrographic system or on comparing the contamination levels of different areas. This study, as part of an interdisciplinary research project, represents such a comparative survey of two different areas within the southern part of the North Sea. It evaluates the role of sediments as a source of contaminants to organisms. In spite of the fact that field studies usually fail to provide direct proof of a causal relationship between a specific abiotic compartment and contaminant concentrations in organisms, this study attempts to provide some qualitative relationships which may elucidate the role of sediment components as a pool of bioavailable toxic metals. Lead was taken as object of this prehminary examination.
MATERIALS AND METHODS
In August 1986, samples of sediments and of macrofauna species such as the polychaete Nephtys spp. and the sea-urchin Echinocardium cordatum were taken to analyse their trace metal content. These species were chosen because they represent different types of predators and deposit-feeders. The major region of investigation was the Dogger Bank, an offshore shallow-water area, approximately 300 km in length. Another area sampled was located along the eastern North Sea coast. The samples were taken with a galvanized 0.2 m 2 Van-Veen grab. Sediments were taken from the topmost sediment layer in the middle of the grab, avoiding contact with the grab walls. From a second grab catch, sediment was quickly washed through a sieve made of a plastic frame and stainless steel mesh. Undamaged living specimen were kept in a continuous flow incubation for two days to allow them to empty their guts. They were subsequently stored frozen (-20 ~ Sediments were first transferred to a 2-1 glass beaker using Milli-Q water, stirred vigorously in an ultrasonic bath for 5 rain to disperse the fines and to disaggregate any faecal pellet flocs, and allowed to stand ~ 5 rain to settle the coarse and intermediate size material. The suspension, containing the fine-grained material, was then decanted to a second beaker and washed finally through a precision electroformed sieve (mesh size 20 btm) made of pure nickel. Extended ultrasonic wet-sieving was thereby avoided to prevent scrubbing of coatings from the coarse-grained sediment fraction. The samples were freeze-dried and subsequently digested in an open system by boiling nitric acid prior to analysis of trace metals by graphite furnace atomic absorption spectroscopy (GFAAS). Subsamples were additionally extracted in 1 M HC1 in order to get a "nonresidual" fraction of the metals. Total organic carbon (TOC) in subsamples of these sediment fractions was determined with the usual CHN-Analysator technique (Liebezeit, pers. comm.).
Specimens of Nephtys spp. were selected to give the length class 6-8 cm. Five individuals per station were pooled, freeze dried and subsequently pulverized with a plastic stick. An aliquot of about 100 mg was used for the analytical procedure described in detail previously (Kr6ncke, 1987) . For IF.. cordatum, the length class 3-5 cm was chosen for this study. Contrary to the procedure used for the other species, the calcitic skeleton of E. cordatum was taken for analysis. From each specimen, a piece of about 20 mm 2 from the mouth region of the skeleton was broken off, pooled to give representative subsamples, solubilized by nitric acid and subsequently analysed. For all biotic and abiotic samples and stations, two independent, identically treated subsamples were analysed in order to evaluate reproducibility.
RESULTS AND DISCUSSION

Lead concentrations in sediments and organisms
The mean proportions of the < 20 btm fraction, as well as median values of trace metal concentrations in sediments and organisms from both areas, the Dogger Bank and the eastern North Sea, are summarized in Table i . The distribution of lead concentrations in the < 20 btm fraction of the sandy sediments is given in Fig. 1 . It shows, at first glance, no significant difference between the two areas of investigation, which could be confirmed by statistical analysis using notched box and whisker plots. Results on the lead contents of macrofauna species published earlier by Kr6ncke (1987) showed in contrast to the results on lead contents in the sediment a significant difference between the two areas. A lower lead content was generally observed in the individuals taken from the eastern coastal area compared with those from the Dogger Bank, especially from its northeastern part. These results contradict the prevailing opinion that offshore invertebrate populations are, in comparison to individuals from coastal regions, less affected by contaminants such as heavy metals. The question arose whether this difference could be explained in terms of any sediment quality factor controlling the obviously different bioavailability of lead in these two areas, regarding the similar total amount of this toxic metal in the fine-grained fraction of the sediments.
Correlations and regressions
Previous investigations have shown that organic matter provides an important substrate for trace metals in North Sea sediments (Kersten & Klatt, 1988) . If increasing metal concentrations in sediments are mostly due to a corresponding increase in the organic matter contained in the sediment, as indicated by the correlation results for lead, then the gradient method according to Cato (1977) may facilitate interpretation. The method is based on the relationship between the metal in question and the content of organic carbon using regression analysis. Cato {1977) proposed to use the gradient of the metal-TOC regression curve {i.e. the slope of the regression curve in Pig. 2a) as a measure of the contamination degree of a certain area assuming that most of the anthropogenic metal fraction in sediments is bound to organic matter. The steeper the gradient, the higher the level of heavy metal contamination The differences in the metal contents at zero TOC concentrations (y-axis intercept} between regressions from different areas can be interpreted as a function of the amount of metals coprecipitated by Pe/ Mn oxihydrates or held in the mineral lattices {i.e. the geological background). The slope of the regression, however, may be independent of the mean TOC concentration of the sediment, i.e. the compositional variations between different areas. In fact, the TOC median of the eastern North Sea samples is higher than that of the Dogger Bank samples {Table 1}. On the other hand, the Pb-TOC regression slope is twice as high for the Dogger Bank samples as that for the eastem North Sea sediments. According to this result, the Dogger Bank sediment quality with regard to lead contamination seems to be twice as bad as that of the coastal area of the eastern North Sea. This is in turn in good agreement with the contamination differences found in the benthic organisms of both areas. This result points to a possible link between bioavailability and the organic fraction of lead in sediments, which is also supported by the significant positive correlation between lead content in polychaetes Nephtys spp. and TOC contents in the sediment samples (Pig. 2b). No correlation {p _< 0.05) has been found between total lead content in sediments and that in the polychaetes. In fact many authors have previously failed in their attempt to relate concentrations of contaminants in sediments to those in organisms. Most of them beheve that within sediments, only specific chemical binding forms of contaminants are bioavailable (e.g. Campbell et al., 1988) . Por this reason, the sediments were subjected to more moderate extraction in order to leach the bioavallable metal portion only. Prompted by the somewhat improved correlations, and eager to find relations of predictive value, further research was focused on complexating sediment components. It was discovered that stronger correlations are found when the. major complexing components like iron,, manganese, humic substances and total organic carbon of the sediments are taken into account. Iron oxihydrates, for example, are suggested to be in competition with biogenic mechanisms for metal uptake as predicted similarly for organic chelators in the water column. Luoma & Bryan (1978) showed in an often cited study that the bioavailabflity of lead in sediment to the deposit-feeding clam Scrobicularia plant seems to decrease by the same amount by which the level of reactive (i.e. 1 M HC1 extractable) iron in oxidized surface sediments increases. They showed that the ratio Pb/Fe in 1 M HC1 extracts may reflect availability of lead to the bivalve species, while correlation coefficients for Ph-animal/Pb-sediment were found to be low. However, no improvement of correlation significance has been found using this ratio for our data (Table 2) .
Some remarks are necessary in order to explain the low correlation between lead extracted chemically from sediment components and that extractedfrom the ahimals. Even if the metal portions extractable from sediments with varying geological and chemical characteristics are different, the metal content in benthic organisms can be similar or vice versa. This handicap is primarily due to a lack of information about the specific mechanism by which organisms actively translocate metals. Moreover, correlation analysis is further complicated by the polychaete's ability to actively regulate metal contents (Bryan 1985) . Higher body concentrations might also be due to different growth rates of macrofauna species. It is known that offshore populations have a lower growth rate than nearshore ones because of lower temperatures and lower food supply (Buchanan, 1966~ Duineveld & .Jenness, 1984 . That would mean that offshore specimens with the same size as those from coastal waters have more time to accumulate metals. Also size frequency distributions for the ophiurids Amphiura ffliformis and Ophiura albida by Kfinitzer (1989) show that individuals from stations north-east of the Dogger Bank are much older than those north-west of Helgoland. In contrast, current growth ring analyses for O. albida from the same samples by Dahm (pets. comm.) indicate no difference in growth and age between the individuals from the two areas of investigation. This would confirm that the higher toxicity of the Dogger Bank sediments results in higher lead contents of the biota.
CONCLUSIONS
Polychaetes (e.g. Nephtys spp.) dwelhng in the sediments of two different areas of the North Sea show different degrees of lead uptake in contrast to the same total quantity of lead in the fine-grained sediment fraction. Thus, the use of total sediment metal concentration as well as non-residual metal fractions as a measure of the bioavailable concentration is not supported by the data available from this and other studies. It was shown, however, that an increasing slope in the regression between lead and organic carbon content in sediments corresponds with increasing toxicity of the sediments. This gradient method proposed by Cato (1977) as a sediment quahty criterium seems to be an efficient and simple predictive tool to compare different areas. This result agrees well with the general observation that the only ingested sediment component that has the same effect on all sediment-dwelling organisms in all investigations is organic matter.
The basic question whether and, if so, why contaminated sediment threatens the biotic environment, however, cannot be answered by our or other field surveys.
